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BASE STATION TRANSMIT POWER CONTROL IN A CDMA CELLULAR TELEPHONE SYSTEM 



(57) Abstract 

A power control method in accordance with the present invention 
synchronizes the rransmit power levels at the base stations currently serving 
a* mobile station and an initial transmit power level of a new target base 
station being added in a diversity handover situation. At the beginning of 
the handover, a radio network controller orders the serving base stations 
to measure their respective transmit powers to the mobile station. Each 
serving base station then measures its transmit power to the mobile station 
and reports the power level measurements to the radio network controller. 
An initial transmit power setting is determined for the target base station, 
and new transmit power settings are determined for the serving base stations 
synchronized for example to a particular time (to). At or about synchronizing 
time to the target base station transmits to the mobile station at the 
initial power setting, and at or about the same time, the serving base 
stations preferably also adjust their transmit powers toward the new values. 
Alternatively, the serving base stations transmit at their respective new values 
at or about time to . In a preferred embodiment of the present invention, the 
serving base station power adjustment is performed gradually. 




FOR THE PURPOSES 
Codes used to identify States party to the PCT on the front 



OF INFORMATION ONLY 

pages of pamphlets publishing international applications under the PCT. 



AL Albania 

AM Armenia 

AT Austria 

AU Australia 

AZ Azerbaijan 

BA Bosnia and Herzegovina 

BB Barbados 

BE Belgium 

BF Burkina Faso 

BG Bulgaria 

BJ Benin 

BR Brazil 

BY Belarus 

CA Canada 

CF Central African Republic 

CC Congo 

CH Switzerland 

CI Cote d'Tvoire 

CM Cameroon 

CN China 

CU Cuba 

CZ Czech Republic 

DE Germany 

DK. Denmark 

EE Estonia 



ES 

Fl 

FR 

GA 

GB 

GE 

GH 

GN 

GR 

HU 

IE 

IL 

IS 

IT 

JP 

KE 

KG 

KP 

KR 

KZ 

LC 

U 

LK 

LR 



Spain 
Finland 
France 
Gabon 

United Kingdom 

Georgia 

Ghana 

Guinea 

Greece 

Hungary 

Ireland 

Israel 

Iceland 

Italy 

Japan 

Kenya 

Kyrgyzsian 

Democratic People's 

Republic of Korea 

Republic of Korea 

Kaxakstan 
Saint Lucia 
Liechtenstein 
Sri Lanka 
Liberia 



LS 


Lesotho 


LT 


Lithuania 


LU 


Luxembourg 


LV 


Larvia 


MC 


Monaco 


MD 


Republic of Moldova 


MG 


Maiagascar 


MK 


The former Yugoslav 




Republic of Macedonia 


ML 


Mali 


MN 


Mongolia 


MR 


Mauritania 


MW 


Malawi 


MX 


Mexico 


NE 


Niger 


NX 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


FT 


Portugal 


RO 


Romania 


RL 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SG 


Singapore 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


SZ 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


uz 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


zw 


Zimbabwe 



SNSDOCSO- <WO 9901919A1_1_> 



WO 99/31819 PCT/SE98/02292 



BASE STATION TRANSMIT POWER CONTROL I N A CDMA CELLULAR 

TELEPHONE SYSTEM 



FIELD OF THE INVENTION 

The present invention relates to cellular telephone systems. More 
specifically, the present invention relates to base station transmit power control during 
handover situations in a code division multiple access cellular telephone system. 

BACKGROUND AND SUMMARY OF THE INVENTION 

In a cellular communications system, mobile radio stations communicate 
over respective radio channels to a base station. Several base stations are connected to a 
switching node which is typically connected to a gateway that interfaces the cellular 
communications system with other communications systems. A call placed from an 
external network to a mobile station is directed to the gateway, and from the gateway, 
through one or more switching nodes to the base station(s) which serve(s) the called 
mobile station. A base station pages the called mobile station and. establishes a radio 
communications channel. 

In a Code Division Multiple Access (CDMA) mobile communications 
system, the information transmitted between a base station and mobile station is 
modulated by a mathematical code, sometimes called a spreading code, in order to 
distinguish that information from information associated with other mobile stations or 
base stations that are using the same radio frequency band. Accordingly, individual 
radio "channels^ are discriminated on the basis of these codes. Various aspects of 
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CDMA are set forth in one or more textbooks such as Applications of CDMA and 
Wireless/Personal Communications, Garg, Vijay K. et al., Prentice-Hall (1997). Spread 
spectrum communications permit mobile transmissions to be received at two or more 
("diverse") base stations and processed s.multaneously to generate one received s.gnal. 
With these combined signal processing capabilities, it is possible to perform a handover 
from one base station to another, (or from one antenna sector to another sector on the 
same base station), without any perceptible disturbance in the voice or data 
communications. This kind of handover is typically called "diversity handover". 
During diversity handover, the signaling and voice information from plural base stauons 
is combined in a common point with decisions being made on the "quality" of the 
received data. Typically this common point is located at the switching node connected 
to the base stations. In the opposite direction, voice and signaling information are 
transmit from plural base stations, and a mobile station combines the results. 

CDMA systems provide "soft" and "softer diversity handover. In soft 
handover, as the mobile station moves to the edge of a cell, the adjacent cell's base 
station assigns a transceiver to the call while the current base station continues to handle 
the call. As a result, the call is handled by both base stations on a make-before-break 
basis. The soft diversity handover occurs with both base stations handling the call until 
the mobile station moves sufficiently close to one of the base stations which then 
exclusively handles the call. Softer diversity handover occurs when the mobile station 
is in handover between two different sectors at the same base station. 

Because all users in a CDMA communications system transmit 
information using the same frequency band at the same time, each user's 
communications interferes with communications of the other users. In addition, signals 
5 received by a base station from a mobile station close to the base station are much 

stronger than signals received from other mobile stations located at the base station cell 
boundary. As a result, distant mobile communications are overshadowed and 
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dominated by close-in mobile stations which is why this condition is sometimes referred 
to as the "near-far effect." 

Therefore, to achieve increased capacity by decreasing unnecessary 
interference, all mobile-transmitted signals should arrive at a base station with about the 
same average power irrespective of their distance from the base station. Accordingly, 
uplink (or reverse) transmit power control (TPC) from the mobile station to the base 
station is one of the most significant factors in improving the performance and capacity 
of a CDMA system. In general, the mobile station attempts to control its transmit 
power based on the signal strength to generate a signal-to-noise (SNR) value (or other 
suitable measure) of signals received from a base station (open loop transmit power 
control), and the base station sends transmit power control messages to the mobile 
station (closed loop power control) with the end goal to control the power received at 
the base station to within a relatively small tolerance, e.g., 1 dB, for all mobile station 
transmissions received at that base station. 

Downlink (or forward) transmit power control is also important for 
transmissions from the base station to the mobile station. Specifically, the base station 
varies its transmit power depending upon downlink transmit power control messages or 
commands sent by the mobile station. There are several reasons for downlink power 
control. 

One reason for downlink transmit power control is to accommodate the 
fact that in certain coverage area locations, the downlink channel from base station to 
mobile station may be unusually poor. An example of such a location is a point where 
the path loss to one or two neighboring cells is nearly the same as the path loss to the 
base station communicating with the mobile station. At that location, the total 
interference is increased several times over the interference experienced by a mobile 
station at a point relatively close to the base station. An additional reason is that 
interference from these neighboring cell sites will not fade in unison with the desired 
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signal. Still further, the mobile station may be located where several strong multipath 
signals arrive resulting in a relatively large interference. In other situations, the mobile 
station may be located where the signal-to-interferencc ratio is unusually good. 
Another reason for downlink power control is to minimize intercell interference caused 
by unnecessarily high base station transmit power levels. By varying the downlink 
power level to the minimum value needed to achieve a particular quality, unnecessary 
interference is avoided. If the downlink power level is fixed at a constant but high level 
to ensure minimum quality under poor conditions, much of the time the downlink power 
would be too high thereby causing needless interference. Such interference reduces cell 
capacity. In all of these cases, it is advantageous for the base station to raise or lower iis 
transmit power to ensure acceptable quality but at the same time reduce to the extent 
possible interference to other signals. 

Because power control in CDMA systems is important, transmit power 
control adjustments occur very frequently, e.g., every 0.625 milliseconds. In adjusting 
downlink transmit power, the mobile station is continually measuring the transmit 
power level received from the base station and determining whether that measured 
value is higher than a reference value. If so, one or more transmit power control bits 
having one value are transmit uplink from the mobile station to the base station to 
decrease the transmit power by a predetermined increment, e.g., 1 dB, down to a 
minimum transmit power value. On the other hand, when the measured value is lower 
than the reference value, one or more opposite value transmit power control bits are 
transmitted uplink to the base station to increase the transmit power by a predetermined 
increment, e.g., 1 dB, up to a maximum value. This transmit power control begins 
while uplink and downlink synchronization are being acquired and continues 
5 throughout the communication. 

A problem arises in coordinating downlink transmit power levels among 
base stations at diversity handover. One problem is that during a handover, the transmit 
power command from the mobile station to the base stations involved in the handover 



WO 99/31819 PCT/SE98/02292 

5 

may be erroneously received at one or more of the base stations. Another problem is 
that an offset between the downlink transmit powers of base stations involved in the soft 
handover can be quite large. Offset refers to the difference between the transmit power 
level of one (or more) base stations currently serving the mobile station and the power 

5 level of a new base station engaged in diversity handover with the mobile station. 
While an offset may or may not be desired for a particular application, it is difficult in 
either situation for the new base station to know the old base station's transmit power 
level when the new base station starts to transmit.. Because transmit power is adjusted 
so rapidly, e.g., sixteen adjustments every 10 milliseconds, by the time a transmit power 

10 level is determined and delivered to the new/target handover base station based on a 
TPC command, the actual transmit power at one or more of the old serving base stations 
already serving the mobile station may have significantly changed during that time 
delay. 

Consider the following scenario. At the beginning of a soft, handover, 
15 transmit power level measurements from a serving base station and from a target base 
station to a mobile station are sent to a network node. The network node reads these 
transmit power measurement reports periodically, determines an appropriate power 
setting for the target base station — either the same power or a power at a specific 
desired offset, and sends the determined power setting to the target base station. 

20 By the time that the target base station receives the determined transmit 

power from the network node, 100 msec up to one second of time may have transpired. 
During that one second, the serving base station transmit power level could have 
changed one hundred or even a thousand times because of the speed at which transmit 
power is adjusted, e.g., every 0.625 milliseconds. Hence, the determined transmit 

25 power command for the target base station is likely considerably offset from what that 
transmit power level should be at the time the command is actually received and 
implemented at the target base station, i.e., after a significant time delay. 
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What is needed is a way in which to compensate for or otherwise 
eliminate this undesired base station transmit power offset at handover. Moreover, the 
solution to the above-identified problem should preferably be a simple one that allows 
lhe mobile station to only transmit one set of power control commands to all of the base 
5 stations involved in the handover. 

It is an object of the present invention to overcome the problems 
identified above, and in particular, to provide base station transmit power coordinate 
technique that does not increase the complexity of the mobile stauon. 

It is another object of the invention to eliminate erroneous transmit power 
,o settings deluding undesirable offset transmit power setting, at base station, involved ,n 
a diversity handover. 

It is a further object of the invention to compensate for drifting in the 
transmit power levels between base stations involved in diversity handover. For 
example, as a result of different error rates on be uplink control channels over whtch 
, 5 the mobile station transmits the same downlink power control command to these base 
stations, each base station ends up transmitting more or less different power levels 
depending on the respective bit error rates. 

A power control method in accordance with the present invention 
synchronizes the transmit power levels a, the base stations currently serving a mobile 
,0 station and an initial transmit power leve. of a new targe, base stat.on being added ,n a 
diversitv handover situation. At the beginning of the handover, a radio network 
controller orders the serving base stations to detect their respective transmit powers to 
the mobile station. Each serving base station reports its transmit power (to the mob.le 
station) to the radio network controller. The radio network controller determmes an 
, s initial transmit power setting for the targe, base station and new transmit power sethngs 
for the serving base stations synchronized to a particular time (,,) The initial and new 
transmit powers and the synchronizing ttme are provided to the respective base stations 
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involved in the soft handover. The target base station transmits to the mobile station at 
the initial power setting, and the serving base stations adjust their transmit powers 
toward the new values. In a preferred example embodiment of the present invention, 
the serving base station power adjustment is performed gradually with the target base 
station transmitting at the initial power setting and the serving base stations adjusting 
their transmit powers toward the new values at the synchronizing time / 0 . 

In another further example embodiment, a future synchronizing time may 
be employed and provided to all base stations to coordinate the transmit power levels so 
that desired values are reached at that synchronizing time. The invention may also be 
employed to periodically correct for drift in previously coordinated base station transmit 
power levels. Still further, the invention may be employed to control transmit power 
levels of different base station sectors involved in a softer handover. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features, and advantages of the invention 
will be apparent from the following description of preferred embodiments as illustrated 
in the accompanying drawings in which reference characters refer to the same pans 
throughout the various views. The drawings are not necessarily to scale, emphasis 
instead being placed upon illustrating the principles of the invention. 

Fig. 1 is a schematic overview of an example mobile cellular 
communications system where the present invention may be employed; 

Fig. 2 is a function block diagram showing in more detail a radio network 
controller and a base station shown in Fig. 1 ; 

Fig. 3 is a function block diagram illustrating in more detail a mobile 
station shown in Fig. 1 as well as power control commands involving a mobile station, 
two base stations, and a radio network controller; 
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Fig. 4 is a diagram showing messages transmit between the radio network 
controller and the base stations to synchronize base station transmit power at soft 
handover in accordance with an example embodiment of the present invention; 

Fig. 5 is a flowchart illustrating alternative procedures for base station 
transmit power control; and 

Fig. 6 is a flowchart diagram illustrating procedures for adjusting the base 
station power to newly-received transmit power commands from the radio network 
controller in accordance with an example preferred embodiment of the present 



invention. 
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IWTATTED DESCRIPTION ™ THF DRAWINGS 



In the following description, for purposes of explanation and not 
limitation, specific details are set forth, such as particular embodiments, data flows, 
techniques, etc. in order to provide a thorough understanding of the present invention. 
However, it will be apparent to one skilled in the art that the present invention may be 
, 5 practiced in other embodiments that depart from these specific details. For example, 
while the present invention may be applied to other handover situations such as "softer" 
diversity handover between base station antenna sectors, for purposes of explanation 
only, the following description is provided in a soft handover scenario. In other 
instances, detailed descriptions of well-known methods, interfaces, devices, and 
20 signaling techniques are omitted so as not to obscure the description of the present 
invention with unnecessary detail. 

Fig. I illustrates a mobile radio cellular communications system 10 which, 
in accordance with the preferred embodiment of the present invention, is a CDMA or 
wideband-CDMA communications system. Radio network controllers (RNCs) 12 
25 and 14 control various radio network functions including for example radio access 
bearer setup, diversity handover, etc. Radio network controller 12 is coupled to a 



BNSDOCID' <WO 9931S19A1 l_> 



WO 99/31819 PCT/SE98/02292 

9 

plurality of base stations 16, 18, and 20. Radio network controller 14 is connected to 
base stations 22, 24, and 26. Each base station serves a geographical area referred to as 
a cell, and a cell may be divided into plural sectors. Base station 26 is shown having six 
antenna sectors S1-S6. The base stations are connected to their corresponding radio 
5 network controller by various means such as dedicated telephone lines, optical fiber 
links, microwave links, etc. Both radio network controllers 12 and 14 are connected 
with external networks such as the Public Switched Telephone Network (PSTN), the 
Internet, etc. through one or more mobile switching centers (MSCs) (not shown). The 
RNC directs mobile station calls via the appropriate base station(s). 

10 In Fig. 1, two example mobile stations 28 and 30 are shown 

communicating with plural base stations. Mobile station 28 is communicating with 
base stations 16, 18, and 20 ? and mobile station 30 is communicating with base 
stations 20 and 22. A control link between radio network controllers 12 and 14 permits 
diversity communications to/from mobile station 30 via base stations 20 and 22. Each 

is radio communication channel established between the mobile station and a base station 
has an uplink component and a downlink component. As described above, since 
multiple communications utilize the same radio frequencies in code division multiple 
access (CDMA) communication, spreading codes along with other well known CDMA 
techniques are used to distinguish between the various mobile station and base station 

20 communications. For purposes of describing the example embodiment, the term 

channel typically refers to a CDMA channel which, for any mobile station, is defined in 
terms of an RF frequency and a particular code sequence. 

Additional details of a base station and a radio network controller are now 
provided in conjunction with Fig. 2. Each radio network controller (RNC) includes a 
25 network interface 52 for interfacing communications with various base stations. Within 
the RNC, the network interface 52 is connected to a controller 50 and to a diversity 
handover unit (DHO) 54. Diversity handover unit 54 performs numerous functions 
required for establishing, maintaining, and dropping diversity connections such as 
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diversity combining, diversity splitting, power control and other link related radio 
resource control algorithms. Some of those DHO functions will be descnbed in further 
detail below. 

Each base station includes a corresponding network interface 60 for 
5 interfacing with the RNC. In addition, the base station includes a controller 62 

connected to a plurality of transceivers (TRX) 64, 64. 68. and 70, as well as a transmit 
power controller 72. Controller 62 controls the overall operation of the base station as 
well as the establishment, maintenance, and release of radio connections. 
Representative transceivers 64-70 are individually assigned to specific communications 
,o with mobile stations. At least one transceiver is employed as a common control channel 
over which the base station transmits common signaling such as a pilot signal. The 
common channel is monitored by mobile stations within or near that base station's cell, 
and is also used to request a working channel (uplink) or to page a mobile station 
(downlink). Transmit power controller 72 performs the open loop and closed loop 
, 5 power control procedures described in the background section above to control the 

transmit powers from all mobile transmissions received by the base station, e.g., so they 
are at approximately the same power level assuming all the mobiles are using the same 
type of service. 

One of the advantages of CDMA communications is the use of diversity 
20 (both soft and softer) handover. Using soft handover as an example, as a mobile station 
moves to the edge of the current base station cell, the mobile station detects the power 
level of the common channel signaling (e.g.. the pilot or perch signal) and determines 
that there is sufficient signal strength from that common signal for that base station to 
be a target base station (BS2) for handover. The mobile station sends a power 
25 measurement message to the serving base station (BS 1 ) which then sends a handover 
request message to the RNC. The RNC accepts the handover request and sends an 
inter-base station handover request message to the target base station. The target base 
station assigns a transceiver to the call involving the mobile station while the serving 
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base station continues to handle the call. The RNC combines the connections from the 
two base stations so that the handover is processed without a break, i.e., soft handover. 
This make-before-break handling of the call by two or more base stations occurs until 
the mobile station moves sufficiently close to one of the base stations or away from one 
5 of the base stations for the farther base station to be dropped. 

As described in the background, for fast power control, diversity handover 
poses some difficulty in coordinating/synchronizing the transmit power levels of the 
base stations/sectors involved. Reference is made to Fig. 3 to better understand the 
downlink power control synchronization issues addressed by the present invention at 

10 soft handover. Although multiple base stations may be involved in a diversity 

handover, and although more than one RNC may be involved in a diversity handover, 
such as illustrated in Fig. 1 with respect to communications between base station 20 
and 22 and mobile station 30, the following description is simplified for purposes of 
illustration only to the scenario involving only two base stations BS1 and> BS2 

15 connected to the same RNC are involved in the diversity handover. As mentioned 

above, the present invention may also be applied employed to softer handover between 
base station sectors. If the sectors involved in the softer handover belong to the same 
base station, the RNC need not be involved with coordinating of the downlink power 
control provided by the base station. 

20 The mobile station includes a controller 80 connected to a RAKE 

receiver 82, a transmit power controller 88. and a transmitter 90. RAKE receiver 82 
includes plural receivers 84 and 85 (there may be additional receivers as well) 
connected to a diversity combiner 86. The transmissions from the two base 
stations BS1 and BS2 are received as muitipaths in the receivers 84 and 85, combined in 

25 diversity combiner 86, and processed as one signal. Transmit power controller 88 

detects the power level preferably as a signal to interference ratio E\y/l 0 of the received, 
diversity-combined signal. 



10 



PCT/SE98/02292 

WO 99/31819 

12 

• • t^mitoower controller 88 also responds to 
The mobile station s transmit powci ^ 

4. received commands. Based upon .he power 

combined stgna,, the control » ««- «— ' ^ ^ BS and the ,ar 2 e, 

■ no In accordance with one preferred embod.ment of the mvent, 
base station BS2. In accoraanc r 

nUmto0f r7oirIe Ccommands.BS. and BS. mcrease or decrease 
invention. Based upon the receivea 

their transmit power by the corresponding increment, e.g., 0., or dB. 

As mentioned above, mere are substanua, proMems ,n attempting to 

the ttme the RNC processes transmit power measurement messages ^ . 

u • nnwpr settin° to base station Bb^., me 
station BS^ and communicates that initial power settin B 

Consequently, by the time the target base station BS. be^ns 

Lis Whiie the known power ieve.s may differ ,„ accordance wrth a des,red. p e 

» stationtransmitpowersareapp— ^ ^ ^ ^ , ^ stalio „ 
former situation is where the mobi.e station ,s cons.derabiy c.oser 
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same, interference is reduced and capacity increased by keeping the power level from 
the second base station at a lower level than the power level of the closer first base 
station. 

In any event, it is desirable to have the serving and target base stations 
transmit at known power levels or known relative power level differences, i.e., the 
absolute power levels do not necessarily need to be known each time instant. The 
present invention achieves this desirable goal using a transmit power synchronization 
procedure. In general, the power levels of all base stations involved in a diversity 
handover are set to one or more predetermined levels at or for a specific time. 

The transmit power synchronization procedure may be divided into five 
phases including: 

(1 ) determining a transmit power synchronization time (t 0 ) when the 
target base station will start transmitting to the mobile at the desired power setting and 
desired power levels for serving and target base stations based on mobile station power 
reports; 

(2) informing the new target base station of a desired power setting 
and the transmit power synchronization time (/ 0 ) ; 

(3) informing the old serving base station(s) and the target base station 
of this desired power setting and the transmit power synchronization time (/ 0 ) ; 

(4) checking the power level of the serving base station(s) at the 
synchronization time (/ 0 ); and 

(5) adjusting the transmit power of the serving base station(s). 

Each serving base station may as one option adjust its transmit power 
based on the difference between the desired power setting for the new target base 
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, W er settina of each serving base station at the transmit power 
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. ,11 the base stations involved m the handover, tacn 
synchronization time , 0 to all the base ^ ^ ^ 
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at a transmtt power synchronization time in the future (,,) 
K ^^^^^^^ 
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setting and the new power settings for the serving base stations are the same. At 
synchronization time (f 0 ), the target base station BS new transmits at the initial power 
setting P^. In addition, serving base stations BS l ? 5S 2 ,..., BS n adjust their transmit 
powers from their current transmit power values P l5 P 2 , ... , P n at synchronization time 
5 (r 0 ) to the new power settings commanded by the RNC P^P 2 at 

synchronization time (/ 0 ) (block 106). Rather than the radio network controller 
performing the power control operations, those power control operations can be 
performed in the respective base stations. 

An alternative procedure is described now in conjunction with Fig. 5. 

10 Rather than having the base stations measure their transmit powers to the mobile 

station, the mobile station measures the power level received from each base station and 
sends that received power to the RNC. The RNC then determines a new transmit power 
P new and synchronization time t 0 for the new base station BS new as wellas one or more 
a controlled offsets ( offset; corresponding to BS t ) between the new power P new and the 

15 old power P Mi of each old base station 55", involved in the soft handover (block 110). 
The RNC then sends P new and / 0 to the new base station BS new and P new , / 0 , and the 
offset^ to each old base station (block 1 12). At time f 0 , each old base station BS { 
detects its transmit power P oldi and calculates an increment value 
A . = offset , + P oidi - P new (block 1 14). Each old base station then regulates its transmit 

20 power up or down by A ■ (block 1 16). 

While there are several different ways in which the difference between the 
old and new power settings of the serving base stations can be minimized or adjusted 
towards a desired offset, that adjustment preferably (though not necessarily) occurs 
gradually. Gradual adjustment is preferred when increasing power, and in particular, 
25 when the transmission is at a higher bit rate. This minimizes interference to the rest of 
the system. A preferred methodology of adjusting the power of the serving base 
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sati ons , coined ,n conjunction wid, *. flowchart routine ^ BS Power 
Adjustment (block 200) illustrated in flowchart forma, in F.g. 6. 

The current power a, each serving base station is represent by ftc 

by thevariable A— • — — 

in the current and new power settings, i.e., 

a = |p(f 0 )-P(f 0 )|- 

,. _ itti „ g at approximate* me same power ieve, (or .0 ades, ed of^, « 

staU on atthesame pointing The > "^^^ 

of /? can be employed: fi up and #,„ wn ■ 

A version ,s made in block 204 whether the power difference magnitude 
15 tt iszeroorapp— , y zero, ,,, within a deadband range. If so, a determ.nauon „ 
larthatJsLpowersynch— 

current base station transmit power at synchron.za.ion time (,,) is gre,=r than the 
desired power setting a, that ..me. ,f no, the transmit power from .hat base station ,s 

adjusrmen. opportunity, ,.e., upon receip. of eve^ fast TPC command. *. p we s 

power is .ncrementaHy increased only after « — power control comman r 
ign0 red F o, increment, increases in transmit power, an example value for a , P 

25 the order of 1 dB. 
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Alternatively, if the current transmit power is less than the desired power 
at that time, the transmit power of the base station to the mobile station is decreased by 
the appropriate power adjustment increment at each a I ft command (block 210). A 
suitable value for a I /3 in block 210 for the rate of power decrease is preferably 

5 selected so that power is decreased faster than it is increased, e.g., the power decrease is 
performed all in one step. Control returns to decision block 204 from either block 208 
or 210 to determine whether power synchronization has been achieved or to repeat the 
adjustment process outlined above. By ignoring every a I fi power adjustment 
command, the present invention ensures a gradual increase or decrease in power while 

10 at the same time minimizing any undesired power level difference. 

Accordingly, the present invention achieves base station power 
synchronization at diversity handover without requiring additional complication of the 
mobile station. Moreover, the mobile station need only transmit one set of power 
control commands to all base stations/base station sectors involved in the handover. 

15 The invention may be applied at the initial power setting of a new base station 

becoming involved in a diversity handover as well as periodically during the diversity 
handover process to compensate for transmit power level drift. By providing such 
dynamic and coordinated downlink power control, unnecessary interference caused by 
high base station transmissions is minimized while still preserving a minimum power of 

20 communication. This improves the downlink system performance and optimizes 
capacity with respect to relative transmit power levels on the downlink. 

Thus, while the present invention has been described in connection with 
what is presently considered to be the most practical and preferred embodiment, it is to 
be understood that the invention is not to be limited to the disclosed embodiment, but on 
25 the contrary, it is intended to cover various modifications and equivalent arrangements 
included within the spirit and scope of the appended claims. As mentioned above, 
while the present invention has been disclosed in the context of soft handover, the 



^ PCT/SE98/02292 

WO 99/31819 

18 

example softer handover. 
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WHAT IS CLAIMED IS: 

1 . A power control method for use in a mobile radio communications system 
including a controller connected to plural base stations, each base station 
communicating with mobile stations located within or near a geographical area 
5 associated with the base station, comprising the steps of: 

for a call involving the mobile station, establishing an initial communication 
between a mobile station and a first base station with the first base station transmitting 
to the mobile station at a first power level; 

for the same call establishing a handover communication between the mobile 
10 station and a second base station; 

determining an initial second power level for the second base station for 
transmissions from the second base station to the mobile station; and 

controlling the transmit power level of one of the first and second base stations to 
achieve a desired transmit power offset. 

15 2. The method in claim 1, wherein the desired offset is zero. 

3. The method in claim 1, wherein the desired offset is non-zero. 

4. The method in claim 1, wherein signals received by the first and second 
base stations from the mobile station are diversity-combined in the controller and the 
signals received by the mobile station from the first and second base stations are 

20 diversity-combined in a RAKE receiver in the mobile station. 

5. The method in claim 1, the controlling step further comprising: 
gradually changing the transmit power level of one of the first and second base 

station to reduce the difference therebetween. 

6. The method in claim L wherein the controlling step includes: 

25 adjusting the actual transmit power levels of the first and second base stations to 

the same power level. 
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7. The method in claim 1, wherein the determining step further includes: 
establishing a predetermined time (/.) associated with a desired transmit power 
level for the first base station and the initial power level of the second base station. 

8 The method in claim 7, the controlling step further comprising: 
determining a difference between the actual transmit power level of the first base 
station at time t 0 and the desired transmit power level of the first base station at time t 0 . 
9. The method in claim 8, wherein if the difference exceeds a threshold, the 

controlling step further comprising: 

compare the actual and desired transmit power levels of the first base stauon: 
if the actual transmit power level exceeds the desired transnut power level of the 
first base station, decreasing the actual power level; and 

if the actual transmit power level is less than or equal to the desired transmit 
power level of the first base station, increasing the actual power level. 

10 The method in claim 9, wherein the actual power of the first base station 
„ is changed incrementally with a first delay period between each incremental increase 
and a second delay period between each incremental decrease. 

11. The method in claim 1 , further comprising after the second base station is 
transmitting: 

determining whether an undesired transmit power level offset exists between the 

->o first and second base station, and 

controlling the transmit power level of one of the first and second base stations to 

reduce the undesired transmit power level offset. 

12. A mobile communications system, comprising: 
a mobile radio station; 

a first base station establishing a communication with the mobile station with the 
first base station transmitting to the mobile station at a first power level; 
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a second base station establishing communication with the mobile station; and 
a base station controller, connected to the first and second base stations, setting 
an initial power level for the second base station to transmit to the mobile station and 
adjusting the transmit power level of the first base station to the mobile station in 
conjunction with setting the initial power level of the second base station. 

13. The system in claim 12, wherein the base station controller includes a 
diversity handover unit for diversity combining signals corresponding to a 
communication from the mobile station received from the first and second base stations. 

14. The system in claim 12, wherein the transmit power level of the first base 
station is adjusted towards the set initial power level of the second base station. 

15. The system in claim 12, wherein the transmit power level of the first base 
station is adjusted to a desired offset from the set initial power level of the second base 
station. 

16. The system in claim 12, wherein the first and second base stations each 
include a transmit power controller for varying the transmit power level of the base 
station to the mobile station. 

17. The system in claim 16, wherein one of the first and second base station 
transmit power controllers varies its base station transmit power in response to transmit 
a power level control signal from the base station controller. 

18. The system in claim 12, wherein the mobile station includes: 

a RAKE receiver that diversity combines the signals received by the mobile 
station from the first and second base stations to generate a diversity combined received 
signal, and 

a mobile station controller measuring a parameter of the diversity combined 
received signal and transmitting to the first and second base stations a transmit power 
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le v=, con.ro. command .o increase or decrease fte .ransmi. power based on the 
measured parameter. 

„ The system in claim 12, wherein me .ransmi. power .eve. of to firs, base 
statio „ is adjured .0 reduce a difference be.ween *e initial second transmit power ,eve, 
5 and the first transmit power level. 

M . The system in claim 12, wherein the .ransmi. power level of one of the 
first and second base station is gradually changed. 

2I The system in Cairn 12, wherein .he base s.,ion con.ro,ler establishes a 
predetermined synchronization time (,,) associa.ed with desired transmit power ievels 
,0 for the first base station and the second base station. 

V The system in claim 21, wherein the first base aation de,ermines a 
difference between the actual transmit power .eve, of the first base station at 

synchronization time „ and adjus.s .he fir, base station transmit power level .o 
15 decrease the difference. 

23 A method comprising coordinating a transmit power level of a serving 
hase station transmitting ,0 a mobile s.a.ion with an in.tial transm,. power level of a 
B rge. base station transmitting to the mob.le station in a handover op=ra.,o„. 

24 The method in claim 23 applied to a code division multiple access 

, (CDMA) mobile communications system, wherein the handover operation is a d.vers.ty 
handover operation. 

,5 The method in claim 23 including coordinating respective transmit power 
,eve.s of plura. serving base stations wi,h ,he ini.ia. .ransmi. power .eve. of .he .arge, 

base station. 
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26. The method in claim 23, wherein a new transmit power level is 
determined for the serving base station based on the initial power level of the target 
base station, and the initial and new transmit power levels are provided to the serving 
and target base stations with a predetermined synchronization time. 

5 27. The method in claim 26, further comprising adjusting the transmit power 

level at the serving base station to reduce a difference between an actual transmit power 
level at the predetermined synchronization time and the new transmit power level. 

28. The method in claim 27, wherein the reduction is performed gradually. 

29. The method in claim 26, further comprising adjusting the transmit power 
10 levels at one or both of the serving and target base stations to reduce a difference 

between an actual transmit power level at the predetermined time and the new or initial 
transmit power level. 

30. A power control method for use in a mobile radio communications system 
including a controller connected to plural base stations, each base station 

15 communicating with mobile stations located within or near a geographical area 
associated with the base station and having plural sectors each having one or more 
antennas, comprising the steps of: 

for a call involving the mobile station, establishing an initial communication 
between a mobile station and a first sector with the first sector transmitting to the 
20 mobile station at a first power level; 

for the same call, establishing a handover communication between the mobile 
station and a second sector; 

determining an initial second power level for the second sector for transmissions 
from the second sector to the mobile station; and 
25 controlling the transmit power level of one of the first and second sectors to 

achieve a desired transmit power offset. 
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The method claim 30, wheremthedes 

. „, m Uin a step further comprising: 
32 . ThemetMinciaimSO^c— onhefitstandsKondsecMr 
^uailychangingthet^tpowerieve, 

, 0 reduce *e difference therebetween. 

^nsuteactuainansmitpowerievelsof 

SamePWCTleVe1 ' . Mm3 „»herein,hede— step^hermciudes- 

3 , The method ,n claim « ^^^V™ 

»MAtprmined time U 0 ) assov ' 
e StaM ishingaprede^ £v . of th£ SKO nd sector. 

l-vels for the first sector and the imti v 

,. 34 conning step farmer comprising 
35. me method in c,,m 34, *c ^ ^ filB 

SKlWaUiroe, ° , lta 3 5 »here,ni f — exceedsa— .the 

36 . The method ,n claim 3d, wn 

ls controlling step further comprising'. Qf ^ flrst seclor , 

ifO« transmit power level ^ ^ ^ 

if th e actual transmit power lev ^ rf ^ firsl scaor . 
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Fig. 5 



PCT/SE98/02292 




110 



MS sends received power reports to RNC. 
RNC determines Pnew and to f° r 
BSnew as we " as a controlled offset(s) 
between P n ew and P 0 idc each old BS C 
involved in soft handover 
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p new. to. and offset to old BS L 
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by A. 
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